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Chapter   I 
INTRODUCTION 

Nitrogen  dioxide,  NO  ,  is  a  reddish-brown  qas  having  a 
boiling  point  of  21.15°C.  The  commercial  brown  liquid  under 
pressure  which  is  known  as  "dinitrogen  tetroxide"  is  actual- 
ly  an  equilibrium   mixture  of   NO      and   N   a  : 

2N  a  -,.        ^n  o, 

2^  2    H 

where   N_  0^    dominates      at    low   temperatures   or      hiqh    pressures 

and   NO      is   favored   at    low   pressures   or    higher   temperatures. 

Nitrogen   oxides    (N0x=   NO    ♦    NO   )       are  an    important,   class 

2 

of  air  pollutants  which  play  a  role  in  photochemical  smog 
production.  Most  of  the  NOx  emitted  by  internal  combustion 
engines  (their  chief  source)  is  NO  which  is  subseguently  ox- 
idized to  NO  by  atmospheric  oxygen.  Nitrogen  dioxide  af- 
fects smog  chemistry  by  influencing  the  production  of  hy- 
droxyl  (OH)  radicals  and  ozone  and  by  reacting  with  orqanic 
radicals  to  form  peroxyacetyl  nitrate  (PAN) ,  which  is  a 
stronq  eye  irritant!"  1].  Nitrogen  dioxide  can  also  be  oxi- 
dized to  nitric  acid,  a  component  of  acid  rainr2"|. 

Nitrogen  dioxide  can  be  perceived  by  suiell  in  concen- 
trations as  low  as  0.1  ppm.  However,  it  is  possible  to  be- 
come accustomed  to  its  odor;    the  odor  threshold  may  become 
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as   high      as    25   ppm   by     slowly  increasing   the      HO     concentra- 

2 

tion.    In  terms  of  harm  to  the  human  body,   at.   13  ppm  NO 

2 

starts  to  irritate  the  respiratory  mucous  membrane  and  at 
100  to  150  ppm  after  30-50  minutes  may  cause  death  from  ede- 
ma of  the  larynxf3").  The  allowable  exposure  of  nitrogen  di- 
oxide for  an   eight-hour   day   is   5    ppm[4"). 

The  most  commonly  used  method  for  NOx  determination  is 
the  chemiluminescent  method  based  on  the  gas  phase  reaction 
of  NO  and  ozonefSl.  This  method  is  specific  for  NO  and  is 
used  to  measure  NO  by  catalyt  ically  reducing  it  to  NO  prior 
to  reaction  with  ozone.  However/  other  species,  such  as  PAN 
or  nitric  acid  may  also  be  reduced  to  NO  and  therefore  in- 
terfere   with    NO      measurement. 

2 

Recently,   another  chemiluminescent  method  based  on  the 

reaction  of  NO   with  luminol  was   reported,   but  it  was  also 
2 

subject  to  PAN  interferenceT 6  ].  Other  spectroscopic  methods 
for  ambient  NO  monitoring  include;  photoacoustic  spectros- 
copyJ"7],  long  path  differential  optical  absorption  spectros- 
copy^"], and  Fourier  Transform  infrared  spectroscopy^")  us- 
ing tunable  dye  lasers. 

The  classical  method  for  NO   determination  is  the  Gri- 

2 

ess-  Saltzman[  10  1  method  based  on  the  absorption  of  NO   into 

2 

a  sulfanilic  acid  solution.  This  product  is  then  coupled 
with  an  azo  dye  forming  reagent  and  measured  colorimetrical- 
ly  at  540  nm.  This  was  a  modification  of  the  Griess  meth- 
od!" 1  1  ],   to  which  a  number  of  modifications  have  been  devel- 


3 
oped  by  Warrington!"  1 2 1,  Illosvayf  13 1,  West  onf"  14  1,  and 
others.  The  Griess-Saltzman  procedure  has  been  codified  by 
Jacobs|"  15"],  who  used  an  aqueous  NaOfi  solution  to  trap  nitro- 
gen dioxide,  and  Levaggif  16  "],  who  used  triethanolamine  as 
the    trapping   reagent. 

Instrumental  and  classical  {"wet")  methods  both  suffer 
from  a  lack  of  portability.  The  classical  methods  referred 
to  are  complicated  and  time  consuming,  considering  all  the 
reagent  solutions  and  standards  which  must  be  prepared.  The 
instrumental  methods  mentioned  can  be  guite  expensive. 
Therefore,  the  goal  of  this  research  is  to  develop  a  simple, 
portable,  and  inexpensive  method  for  ambient  NO-  measure- 
ment. One  means  of  achieving  this  is  to  develop  a  solid 
phase  analytical  reagent  which  can  be  applied  to  filter  pa- 
per, detecting  NO  by  a  color  change.  This  laboratory!"  17 1 
has  succeeded  in  the  synthesis  of 

N-  (4-aminophenylsulf  onyl)-N  '  -      ( 1-na  phthyl)  -ethylenediamine, 
but    this   solid   reagent    is   not   stable   in   storage. 

Primary,  secondary,  and  tertiary  1-naphthylamines  are 
known  to  react  with  nitrous  acid,  HONO,  to  form  diazonium 
salts,  N-nit rosamines,  and  p-nitroso  compounds,  often  with  a 
color  change.  The  reaction  of  nitrogen  dioxide  with  water 
vapor]"  1  8  ]  to   form   nitrous  acid    and    nitric  acid 


2N0         +       H20 5*H0W0         +       HONO 


may  explain  the  mechanism  of  nitrosation  of  these  amino  com- 
pounds in  a  gas-solid  reaction.  Yet  primary,  and  frequent- 
ly, secondary  naphthylamines  are  subject  to  air  oxidation 
which  results  in  darkening.  Lower  molecular  weight  naphthy- 
lamines such  as  1-amino-,  2-amiro-,  and  1-  {N-iaethylamino)  - 
naphthalene  are  unsafe  to  use  because  they  are  not  only  vol- 
itile  but   are   also   suspected   to   be   highly   carcinogenicr 1 9 1. 

In  this  study,  the  author  avoided  the  volatility  prob- 
lem by  preparing  reagents  which  are  derivitives  of  the  cycl- 
ic  amine   perimidine:       (Numbers   show  substituent    positions) . 


1       HN^N 


Compounds  prepared  included  1-methyl-,  2-methyl-,  2-phenyl-, 
1-acetyl,  1-acetyl-2-methyl-,  and 

1-methyl-2-dimethylamino-periaidine.  The  author  also  at- 
tempted the  synthesis  of  ( 1,3)  -benzodiazino-  (  3,  4)  -  perimi- 
dine : 


Chapter  II 
SYNTHESES 


2.1         PREPARATION    OF    PERIHIDINE 


NK 

II 

HNCH--CH    COOH 
2  3 


-^- 


The  starting  aaterial  common  to  the  synthesis  of  peri- 
ni&ine  ar.d  perinidine  derivitives,  1 ,  3-diamir.onaphthalere, 
is  available  commercially  as  a  purplish-  black  solid  in 
technical  grade.  when  purified,  this  compound  forms  white 
crystals  which  darken  in  a  matter  of  hours  upon  exposure  to 
air.  For  this  reason,  it  is  of  no  value  to  attempt  to  obtain 
higher   commercial    grades.  1 , 8-diaminonaphthalene    is   puri- 

fied by  recrystallizarion  from  1:1  war er/ethanoi.  Usually 
an  additional  recrystaliization  is  necessary.  Further  decc- 
lorization,  if  necessary,  may  be  accomplished  by  hearing  an 
ethanolic  solution  of  the  diamine  with  a  small  amount  of  ac- 
tivated charcoal  and  filtering.  The  white  crystals  obtained 
should   be   used   immediately. 

5rown[201  suggests  refluxing  the  diamine  in  ethanoi 
with  formamidine  acetate,  but  gives  no  details.  The  author 
prepared    perimidine   by    weighing    out      15.8   g     (0.100    mole)       of 
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the  purified  1 ,8-diaminonaphthalene,  dissolving  it  in  400  ml 
of  ethanol  in  a  1000  ml  round-bottomed  flask,  and  adding 
12.0  g  {0.115  mole)  of  formamidine  acetate.  A  reflux  con- 
denser is  attached  to  the  round-  bottomed  flask  and  the  mix- 
ture is  refluxed  for  at  least  4  hours.  The  reaction  should 
be  carried  out  in  a  fume  hood,  since  ammonia  gas  is  evolved. 
Any  formamidine  acetate  which  is  undissolved  prior  to  re- 
fluxing  will  dissolve  upon  heating.  Perimidine  is  obtained 
by   crystallization   as    light    yellow   needles. 


2.2         PREPARATION    OF    1-METHYL    PERIMIDINE 


N^N 


♦      NaH 


In   DMF 


One  prepares  1-methyl  perimidine  by  first  dissolving 
1.68  g  (0.01  mole)  of  perimidine  in  200  ml  of  dimethyl  for- 
mamide  (DMF)  which  has  been  distilled  over  calcium  hydride 
in   thoroughly   dry   glassware   at    1    torr    pressure.         This   solu- 


8 
tion  is  then  placed  in  a  qlove  baq  containing  a  dry  nitrogen 
atmosphere.  One  then  weighs  out  0.48  g  of  sodium  hydride, 
NaH,  availble  commercially  as  a  507>  dispersion  in  oil,  and 
washes  it  inside  the  glove  bag  with  ether  that  has  been 
dried  first  with  drierite  and  then  with  a  few  pieces  of  so- 
dium metal.  The  NaH  is  added  to  the  DMF  solution,  followed 
by    1.42      g   of      methyl   iodide.  Even   when      a  stoichiometric 

amount  of  methyl  iodide  is  used,  a  snail  amount  of  a  highly 
water-soluble  red  substance  is  formed,  possibly  a  guaternary 
salt.  The  DMF  solvent  is  removed  by  distillation  at  50-60°c 
and  1  torr  pressure.  A  Soxhlet  extraction  is  performed  on 
the  solid  residue  using  ether  as  a  solvent.  The  by-prod- 
ucts, sodium  iodide  and  the  guaternary  salt,  are  insoluble 
in  ether  and  are  not  extracted.  The  product,  1 -methyl  peri- 
midine,  is  obtained  by  evaporation  of  the  ether.  It  is  yel- 
low and  very  similar  in  appearance  to  perimidine.  Figures  1 
and  2  show,  by  the  mass  spectra  of  perimidine  and  1-aethyl 
perimidine,    *-hat    methylation   took    place. 

2.3         PREPARATION    OF    2-HETHYL-PERIMIDINE 


+  ca  coci 

3 


9 
Donaldsonf 2 1 ]  suggests  the  use  of  acyl  chlorides  to 
prepare  general  2-substituted  perimidines,  but  qives  no  de- 
tails. One  prepares  2-methyl-periiaidine  ty  dissolving  2.0  g 
of  1,8-  diaminonaphthalene  in  200  ail  of  pyridine  (purifica- 
tion of  the  diamine  is  not  necessary) .  The  solution  is 
chilled  in  an  ice  bath  while  1  ml  of  acetyl  chloride  is 
added  very  carefully  dropwise.  The  yellow  precipitate  which 
is  formed  is  collected  by  suction  filtration  and  washed  with 
cold  1: 1  EtOH/water.  The  precipitate  is  dissolved  in  about 
50  ml  of  boiling  water.  Crystallization  occurs  as  the  solu- 
tion is  allowed  to  cool  for  several  hours.  As  an  aside,  the 
author  attempted  the  synthesis  of  this  compound  in  a  manner 
analogous  to  the  preparation  of  perimidine,  that  is,  by  sub- 
stituting acetamidine  acetate  for  f ormamidine  acetate  and 
refluxing  in  ethanol  with  1 ,3-diaminonaphthalene ,  but  the 
desired  reaction  did  not  take  place.  Attempts  to  add  an 
acetyl  group,  and  later  a  methyl  group,  to  the  1-position 
were  unsuccessful.  Figure  3,  the  mass  spectrum,  confirms 
the    molecular   weight. 

2.  4         PEEPAH  ATIO  N    OF    2=PHENYL-PERIMIDINE 

2-phenyl- perimidine  is  prepared  by  dissolving  2.0  g  of 
1,8-  diamino naphthalene  in  200  ml  cf  pyridine,  adding  1.5  ml 
of  benzoyl  chloride  and  refluxing  for  one  hour.  The  precip- 
itated 2-phenyl- perimidine  is  collected  by  suction  filtra- 
tion  and   washed   with  ethanol.      This  rust-colored   compound   is 
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virtually  insoluble  in  all  organic  solvents  and  water.    Its 
mass  spectrum  is  shown  in  Figure  4. 

2.5  PREPARATION    OP    IzACETYL-PERIMDINF, 

Approximately  1  g.  of  perimidine  is  suspended  in  50  ml 
of  water.  To  this  is  added  2  ml  cf  acetic  anhydride.  The 
mixture  is  allowed  to  stand  for  15  minutes.  The  perimidine 
goes  into  solution  and  the  1-acetyl  derivitive  slowly  pre- 
cipitates out.  The  precipitate  is  collected  by  suction  fil- 
tration   while   washing   several  times   with  water. 

2.6  PREPARATION    OF    1 -METHYL-2-DIflETHYLAMINO-PERIHIDINE 


I   »HBr 


CH    ONa 


+    CH    I 
3 


in   CH  OH 
3 


One  dissolves  0.2  g.  of  2-aminoperinidine  hydrobromide 
and  0.5  ml  of  methyl  iodide  in  100  ml  of  methanol  containing 
•0.5  g.  sodium  methylate.  The  reaction  is  allowed  to  stand 
several  hours.  Precipitated  1-methyl-2-dimethylamino  peri- 
midine is  removed  by  filtration.  The  author  evaporated  the 
methanol  from  the  filtrate  and  found  all  the  remaining  sol- 
ids  to   be  highly    water   soluble. 
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2.7    ATTEMPTED  SYNTHESIS  OF 

U  #  2 )z  BE NZ ODI AZI  NO-  (3  ,  4)  rPE R IMIDI NE 


H  N     NH 


HOAc 


COCl 


0,N 


formamidine 
acetate 


12 
The  preparation  of  the  first  and  second  intermediates, 
2-  (o-nitrophenyl)  -  and  2-  (o-aminophenyl)  -perimidine,  is  de- 
scribed by  Sachs  and  Steinerf22].  To  synthesize 
2- (o-nitrophenyl) -perimidine ,  one  dissolves  purified 
1, 8-diaainonaphthalene  in  glacial  acetic  acid  and  adds 
2-nitrobenzoyl  chloride.  The  reaction  is  allowed  to  contin- 
ue for  one  hour.  The  bright  red  precipitate  is  collected  by 
suction  filtration  and  redissolved  in  50£  acetic  acid.  One 
then  adds  granulated  zinc,  attaches  a  reflux  condenser  to 
the  flask  and  refluxes  for  one  hour.  The  mixture  is  allowed 
to  cool  to  room  temperature  and  is  filtered  to  remove  all 
solid  residue.  Next,  hydroqen  sulfide  gas  is  bubbled  into 
the  solution  for  one  hour  and  the  zinc  sulfide  precipitate 
is  removed  by  suction  filtration.  The  amine  is  precipitated 
by  adding  cold  dilute  ammonium  hydroxide  dropwise  to  the  so- 
lution. The  light  yellow  precipitate  of 
2- (o-aminophenyl) -perimidine  is  then  collected  by  suction 
filtration. 

An  attempt  to  close  a  ring  between  the  amino  group  on 
the  phenyl  group  and  the  secondary  amino  group— by  refluxing 
with  formamidine  acetate  in  ethanol  in  a  manner  analogous  to 
the  ring  closure  of  1 ,8-diaminonaphthalene  to  form  perimi- 
dine—  failed.  Even  after  24  hours,  the  reaction  vessel 
contained  only   the   starting    materials. 

A  similar  attempt  at  ring  closure  by  adding  acetyl 
chloride  to    a      solution    of   the   amine  in      pyridine    produced  a 


13 
yellow  precipitate  which  spontaneously  exploded-  The  author 
made  a  second  attempt  to  close  this  ring  with  acetyl  chlo- 
ride, but  after  the  precipitate  again  exploded,  the  synthes- 
es of  (1,3)  -benzodiazino-  ( 3, 4)  -perimidir.e  and  its  methyl 
derivitive  were  abandoned. 
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Figure    1:      tfass    Spectrum   of   Perimidine 
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Figure    2:      Mass    Spectrum   of    1-Hethyl-Perimidine 
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Fiqure    3:      Mass    Spectrum    of    2-Methyl-?eri raidine 
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Figure    '4:      'lass   Spectrum   of    2-Phenyl-Periaidine 
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Chapter   III 
DETERMINATION    OF    NITBOGEN    DIOXIDE 

3.  1         REAGENTS    AND    EQUIPMENT 

Test  Paper:  No.  2  filter  paper,  4.25  cm  diameter,  ob- 
tained  from    Whatman   Ltd. 

Teflon    Tubing,    1/4"    O.D.,    1/16"   and    1/32"   thickness 

Nitroqen  Dioxide:  commercial  grade,  obtained  from  On- 
ion  Carbide    Corporation 

Thermostatic  Bath  Circulator  and  Controllers  obtained 
from   E.  H.    Sargent   and   Co.,    Chicago,    111. 

Gas  Flowmeter:  Gilmont  Instruments,  Inc.,  Great  Neck, 
N.Y. 

Spectrophotometer:  double-beam   Perkin-Elmer      Coleman 

Model    124  with   reflectance   attachment. 

Aquarium   Pumps:      Penn   Plax   II-440-X   Twins. 

3.2         Q0ALITATI7E    TESTING 

The  reagents  whose  preparation  is  described  in  the  pre- 
vious chapter  were,  except  for  2-phenyl-perimidine,  each 
dissolved  in  a  solvent.  Three  pieces  of  filter  paper  were 
wetted  in  each  solution  and  air  dried.  2-phenyl-perimidine 
was  used  in  solid  form  (not  supported  on  filter  paper).  Two 
papers    from    each      solution,      one   dry   and      one   moistened  with 

-    22    - 


• 


23 

water,   were  exposed  to  N0?  from   a  cylinder  in  a  fune  hood- 
Results  are  summarized  in  the  table  below: 

RESPONSE  OF  PERIMIDINE  DERIVITI VES  TO  NO 


2 


Substituents  Solvent  Color 


Before  After 

Wet  Dry 

None  EtOH  pale  yellow                    red  oranqe 

1-flethyl  EtOH  pale   yellow                    red  oranqe 

2-Hethyl  hot    water  pale   yellow                    red  oranqe 

1-Methyl-2-                                                                                     qreenish-  qreerish- 

Dimethylamino  DMF  qreen  brown  brown 

2-Phenyl  Hone  brown  brown  brown 

1-Acetyl  DM?  pale  yellow                    red 

On  the  basis  of  this  test,  2-phenyl-perimidine  and 
1-methyl-2-dimethylamino-periraidine  were  eliminated  from 
further  consideration  as  analytical  reaqents  for  nitroqen 
dioxide  because  visual  detection  of  color  chanqes  was  diffi- 
cult. The  parent  compound,  perimidine,  was  eliminated  be- 
cause of  its  gradual  darkening  over  a  period  of  a  few  hours 
when  exposed  to  air.  Althouqh  it  showed  a  qood  response  to 
NO2 ,  1-acetyl-  perimidine  was  also  eliminated  because  it  was 
considerably  less  sensitive  than  the  remaininq  two  com- 
pounds. During  quantitative  testinq,  2-methyl-perimidine 
was   shown   to    be   unsatisfactory. 
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3.3  PREPARATION  OF  TEST  PAPERS  FOR  22ASTIT.ATI VE  TESTING 

At  first,  test  papers  were  prepared  by  immersing  18 
pieces  of  Whatman  No.  2  filter  paper  at  a  time  in  a  0. 1  a 
solution  of  the  reagent  for  15  minutes.  Ethanol  was  the  the 
solvent  for  1-methyl-  perimidine  and  hot  water  was  the  sol- 
vent for  2-methyl  perimidine.  Both  solvent  tanks  were  kept 
covered    to      minimize  evaporation.  The   filter      papers   were 

then   air   dried. 

Later,  it  was  discovered  that  the  reagent  was  more  sen- 
sitive if  a  deliguescent  compound  was  also  applied  to  the 
filter  paper.  Calcium  chloride  was  dissolved  in  water  and 
mixed  with  the  two  reagent  solutions.  The  filter  papers 
were  soaked  as  before,  but  were  dried  overnight  in  an  oven 
at    90<>C    anil    cooled   in    a    desiccator   until   ready    for   use. 

3.4  PBEPABATION  OF  KNOWN  LOW  CONCENTRATIONS  OF  NO,, 

Known  concentrations  of  gas  can  be  prepared  in  a  vari- 
ety of  ways  using  either  static  or  dynamic  methods.  The 
principal  disadvantage  of  static  methods  is  that  adsorption 
of   the      gas    on      the  container      walls    occurs.  With    dynamic 

methods,  concentrations  of  test  gas  from  50%  down  to  part- 
per-  billion  ranges  can  be  easily  controlled  and  altered. 
Adsorption  on  container  walls  is  negligible  because  an  egui- 
librium    is  established  after  a    short    tirae- 

A  diagram  of  the  gas  dilution  system  used  is  shown  in 
Figure    5.         The   apparatus  was      constructed  from   Pyrex  glass, 
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Teflon  joints,  Tyqon  tubing,  and  copper  tubing.  Two  aquari- 
um pumps  supplied  the  air  flow.  Permeation  tubes  were  used 
to  generate  NO  .  To  prepare  a  permeation  tube,  one  selects 
a  Teflon  tube,  one-fourth  inch  O.D.,  5-7  cm.  long,  and  im- 
merses it  in  liquid  nitrogen.  The  tube  is  then  filled  from 
a  nitroqen  dioxide  cylinder  and  NO  is  trapped.  Both  ends 
of  the  tube  are  sealed  using  qlass  rods  whose  ends  have  been 
enlarged  by  meltinq.  One  should  wait  a  day  or  two  after 
fillinq  to  begin  calibration.  Permeation  tubes  are  cali- 
brated gravimetrically  by  collectinq  weiqht  data  over  a 
period  of  time  and  determining  the  rate  of  weight  loss.  The 
rate  of  weight  loss  equals  the  permeation  rate  of  nitrogen 
dioxide.   (See  Figure  6) 

Because  permeation  rates  are  sensitive  to  temperature, 
the  system  was  immersed  in  a  constant  temperature  water  bath 
at  25°C.  The  nitrogen  dioxide  concentration  was  determined 
by  the  rate  of  air  flow  and  may  be  calculated  according  to 
the  following  expression:' 

C  =  (22,400)  x  (T/273  K)  x  (760mm/P)  x  dp/dt 

dG/dt  x  M 

T:   Temperature  of  the  system  (298° K) 

P:   Pressure  of  the  system  (735  mm  Hg) 

dp/dt:   Permeation  rate  (q/min) 

dG/dt:   Flow  rate  of  the  diluent  qas  (mi/min) 

H:   Molecular  weight  of  nitroqen  dioxide  (46.0  g) 
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The  air  enterinq  the   permeation  chamber  containinq  the 

permeation  tube  (Fiqure  7)   is  dried  by  molecular  sieves  and 

drierite  becau.se   moisture  adsorbed   on  the   permeation  tube 

chanqes  the  rate  of  permeation   and  can  cause  blisterinq  and 

thereby  shorten   the  life  of   the  tube.    It   was  discovered 

that   moisture  is   essential  for   the  reaction   of  N0„  with 

2 

1-methyl-  and  2-methyl-perimidines.  Therefore,  a  second 
stream  of  air  was  saturated  with  moisture  by  passinq  it 
throuqh  a  water  bubbler-  The  flow  rates  of  both  streams 
were  adjusted  to  equal  each  other  within  the  precision  of 
the  flowmeter.  The  two  streams  entered  different  branches 
of  a  qlass  " Y"  connection  and  mixed  before  enterinq  the  ex- 
posure chamber  to  yield  air  of  approximately  50f,  humidity. 
The  exposure  chamber  (Fiqure  8)  was  fashioned  from  a  60  mm 
I.D.  low-form  cap-style  weighing  bottle  which  was  inverted 
and   had    inlet    and   outlet    ports   qlassblown   onto   it. 

Fiqure  9  shows  a  system  for  testinq  the  effect  of  hu- 
midity on  the  reaction.  Six  air  streams  were  mixed  before 
enterinq  the  exposure  chamber.  These  air  streams  were  ad- 
justed to  equal  each  other  within  the  precision  of  the 
flowmeter.  The  air  stream  passinq  throuqh  the  permeation 
chamber  was  always  kept  dry.  The  other  five  streams  were 
also  passed  throuqh  dryinq  tubes  to  yield  0%  relative  humid- 
ity. The  relative  humidity  was  increased  in  a  stepwise  man- 
ner by  successively  replacinq  each  dryinq  tube  with  a  water 
bubbler.  Relative  humidity  can  then  be  calculated  from  the 
expression: 
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RH=  No.  of  moisture  saturated  air  streams  x  100% 


Total  No.  of  air  streams 

3.5    QUANTITATIVE  TESTING  OF  REAGENT  RESPONSE  TO  NO 

2 

Quantitative  testing  of  the  1-methyl-  and  2-methyl- 
perimidines  began  by  introducing  air  dried  filter  papers 
containing  the  reagent,  one  at  a  tine,  into  the  exposure 
chamber  of  the  system  shown  in  Figure  5.  The  exposed  papers 
were  compared  with  unexposed  reagent  papers  both  visually 
and  spectrophoto metrically  at  460  nm — using  a  double-beam 
UV-VIS  instrument  modified  by  replacing  standard  cuvette 
holder  with  a  reflectance  attachment.  This  attachment  de- 
flects the  incident  light  upwards  onto  the  surface  of  the 
sample,  while  a  second  mirror  returns  the  reflected  light  to 
the  original  path  and  into  a  slit  to  the  photomultiplier 
tube.  The  loss  of  reflected  radiation  relative  to  a  refer- 
ence (reagent  paper  unexposed  to  NOp)  is  read  as  absorbance 
in  the  usual  manner  and  given  the  name  "reflected  absor- 
bance." 

The  concentration  of  nitrogen  dioxide  was  kept  constant 
at  6.79  ppra  and  the  relative  humidity  was  maintained  at  50%. 
For  both  reagents,  the  filter  paper  changed  from  nearly  col- 
orless to  red  within  one  minute.  As  exposure  time  was  in- 
creased, the  red  color  became  more  intense  (Figure  11).  Af- 
ter about  one  hour  of  exposure,  however,  a  second  reaction 
began  to   occur:      the      filter      paper      turned        from        red      to 
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yellow.  (See  Figure  12)  .  There  was  a  decrease  in  reflected 
absorbance  at  460  nm  for  the  paper  exposed  for  one  hour  com- 
pared to  those  exposed  for  shorter  times.  As  exposure  time 
increased  beyond  1  hour,  the  yellow  color  became  more  in- 
tense and  yielded  higher  reflected  absorbance  values  at  460 
nm .  Readings  were  not  very  reproducible  from  day  to  day. 
Those  filter  papers  having  both  red  and  yellow  coloring 
showed  the  greatest  variation  in  readings.  The  color  sta- 
bility   of      the   red      and    yellow      1-methyl-perimi dine-NO      com- 

2 

plexes        was        very        good,  but  the        color        of        the 

2-methyl-per imidine      papers    which      had    been      exposed    to      NO 

2 

faded  after  a  few  hours. 

After  it  was  observed  that   moist  reagent  papers  turned 

red  in  the  presence  of  NO  ,  the  author  decided  to  also  apply 

a  deliquescent  compound   (CaCl  )   to  the  papers.     This  de- 

2 

liguescent  compound  ruined  the  2-methyl-perimidine,  but  pro- 
duced no  ill   effects   on    the    1-methyl-derivitive . 

1-Hethyl-perimidine   papers    were  tested      at    constant   NO 

2 
concentration   and   relative  humidity,    but   exposure   times    were 

varied.  Figure  13  shows  a  nearly  linear  relationship  be- 
tween exposure  time  and  reflected  absorbance  from  approxi- 
mately 30  minutes  to  3  hours.  Next,  exposure  time  was  held 
constant  at  45  minutes,  and  the  relative  humidity  was  main- 
tained at  50%,  but  NO  concentration  was  varied  (Figure  14). 
Again,  there  is  a  nearly  linear  relationship  when  concentra- 
tion  is    plotted  against   reflected    absorbance.      The   curve   be- 
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gins  to  level  off  at  the  right  side  of  the  qraph,  possibly 
because  a)  the  starting  reagent  is  being  depleted,  b)  the 
penetration  of  nitrogen  dioxide  into  the  reagent  paper  has 
reached  its  limit,  or  c)  the  penetration  of  the  liqht  source 
of  the  spectrophotometer  into  the  reagent  paper  has  reached 
its  limit.  Finally,  Figure  15  shows  that,  as  the  relative 
humidity  increases  for  a  qiven  exposure  time  and  N02  concen- 
tration, the  reflected  absorbance  inrcreases  nearly  linear- 
ly. In  all  three  of  these  experiments,  no  yellow  color  was 
observed;  Even  at  high  concentrations  of  nitrogen  dioxide, 
the  papers  remained  red.  The  addition  of  calcium  chloride 
approximately  doubled  the  linear  ranqe  of  reflected  absor- 
bance values. 


3. 6    STRUCTUR E  ELUCIDATION  OF  REAGENT-HO_  COMPLEXES 

2 

The  author  suspended        a  small  amount  of 

2-methy 1-perimidine  in  about  25  ml  of  dimethyl  sulfoxide 
(DMSO).  Nitrogen  dioxide  was  bubbled  into  the  solution  for 
about  five  minutes.  The  bright  red  product  went  into  solu- 
tion as  soon  as  it  was  formed.  Feigl[23"|  reports  a  highly 
specific  simple  chemical  test  for  N-nitrosamines  using  hy- 
drogen azide,  HN  .  Hydrogen  azide,  formed  by  dissolving  so- 
dium azide  in  cold  concentrated  hydrochloric  acid,  denitro- 
sa+es  N-nitrosamines,  emitting  nitrogen  and  nitrous  oxide 
gases.  Such  a  denitr osation  occured  when  HN-  was  added  to 
the    DMSO    solution.       Not    only   was    the   gas   evolution    observed, 
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but  the  red  solution  returned  to  a  yellow  suspension.  Feiql 
also  reports  a  test  that  is  specific  for  p-nitro-  aromatic 
amines.  A  snail  amount  of  the  solid  analyte  is  mixed  with  a 
small  amount  of  diphenylamine  in  a  casserole  and  heated  un- 
til the  diphenylamine  melts.  The  formation  of  a  deep  blue 
color   indicates   a    positive    test.  Some  of    the   red   solution 

described  earlier  was  evaporated  to  dryress  and  tested.  A 
deep   blue  color   was   observed. 

An  ethanolic  solution  of  1-methyl-perimidine-NO?  com- 
plex showed  no  response  to  hydrogen  azide.  Feiql' s  test  for 
a  p-nitro-  aromatic  amine  was  positive.  rjsinq  another  of 
Feigl's  tests,  this  time  for  a  p-nitroso-  aromatic  amine, 
phenol  and  sulfuric  acid  were  mixed  with  the  solid  analyte 
to  produce  a  blue  color,  indicatinq  that  the  test  was  posi- 
tive. 
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Figure  5:   Permeation  Gas  Dilution  System  for  Nitrogen 
Dioxide 
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?igure    6:       Calibration   of    the   Permeation    Tube 


Permeation   Sate  =    476.0    ng/min 


Correlation    Coefficient    =   -0.9966. 
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Figure    7;       Variable  Humidity  Gas    Dilution    System 
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Figure  3:   Permeation  Chamber  Containing  Permeation  Tube 


Figure  9:   Exposure  Chamber 
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Figure    10:      Reagent  Blank   Spectrum   of    1-Methyl-Perimidir.e 

Reference:        What  man  No.      2    Filter   Paper  with    No   Reagent    Ap- 
plied 
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'iqure     11:      Spectra   of    1-Methy  1- Per imi dine    Reaqent    Papers 
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Figuro    12:      Spectra   of    1-Methyl-Perimidine    Reagent    Papers 


Note    that   as   the   exposure  time      is   increased   from   30    minutes 
to    3   hours:  1)       the   wavelength    maximum   shifts   to   a  shorter 

wavelength,    and   2)    the   intensity    decreases. 
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Figure    13:      Reflected    Absorbance   vs.    Time 


Relative    Humidity   =   503 
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Fiqure  14:   Reflected  Absorbance  vs.  MO   Concentration 
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Relative    Humidity   =   50% 

Exposure   Time  =    45    tfinutes 

Range  of  Individual   Measurements   for    Three   Trials 

Standard   Deviation      (~j 


M8 


BONvgyoseiv    03i33"iJ3U 


> 


49 


Figure    15:      Reflected   Absorbance   vs.    Relative   Humidity 


Exposure   Time   =   45    Minutes 


NO      Concentration   =   0.315  ppm 
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Chapter   IV 
CONCLUSIOH 


Of  all  the  reaqent.s  prepared  and  tested,  only  one, 
1-methyl-perimiuine,  proved  to  be  satisfactory  as  an  analyt- 
ical reagent  for  nitrogen  dioxide  because  of  its  stability 
and  sensitivity.  It  is  capable  of  detecting  fairly  low  lev- 
els of  that  atmospheric  pollutant,  as  one  can  see  from  Fig- 
ure 14.  The  quantities  of  N02  measured,  from  approximately 
0.2  to  0.7  ppm ,  for  a  45  minute  exposure,  are  veil  below  the 
allowable  limit  of  5  ppm.  For  this  compound  to  be  a  truly 
guantitative  reagent,  however,  a  support  material  of  con- 
stant or  controllable  moisture  content  must  be  found,  be- 
cause of  the  sensitivity  of  its  reaction  with  NO,  to  changes 
in    relative    humidity.  Nevertheless,       1-  methyl-perimidine 

reagent  papers  are  useful  for  qualitative  testing  (similar 
to  litmus  or  Uristix  papers)  in  that,  while  they  may  not 
yield  values  as  precise  as  those  from  instrumental  methods, 
they  can  very  guickly  tell  even  scientifically  unskilled 
personnel  whether  ambient  nitrogen  dioxide  levels  in  the  air 
are    cause  for   concern. 
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ABSTRACT 

This  research  investigated  the  use  of  several  deriva- 
tives of  perimidine  as  solid  colorimetric  reagents  for  de- 
tection of  nitrogen  dioxide.  The  preparations  of  perimidine 
and  its  1-methyl-,  2-methyl-,  2-phenyl-,  1-acetyl-,  and 
1-methyl-2-diaethylamino-  derivitives      are   described.  At- 

tempts  to  synthesize    ( 1,  3) -benzodiazino- (3,  4)  -  perimidine 

failed. 

Each  reagent  was  then  gualitatively  tested  for  response 
to  nitrogen  dioxide,  which  eliminated  all  but  perimidine  and 
its  1-methyl  and  2-methyl  derivatives  from  further  consider- 
ation. Perimidine,  however,  proved  to  be  subject  to  air  ox- 
idation. 

The  1-methyl-  and  2-methyl-  perimidines  were  applied  to 
filter  paper  and  tested  guantitatively  using  known  concen- 
trations of  nitrogen  dioxide.  The 
2-methyl-perimidine-nitrogen  dioxide  complex,  however, 
lacked  color  stability.  The  amount  of  humidity  was  found  to 
have  a  profound  effect  upon  the  reagents'  response.  Seagent 
sensitivity  for  1-methyl-perimidine  was  increased  by  apply- 
ing the  deliguescent  compound  calcium  chloride  to  the  re- 
agent paper.  This  compound,  however,  destroyed  2-methyl- 
perimidine.  Finally,  strucure  elucidation  of  the  products 
is   described. 


